Traditional medicine has been practised in Ghana for centuries with the majority of Ghanaians still patronising the services of traditional healers. Throughout Africa a large number of people use pangolins as a source of traditional medicine, however, there is a dearth of information on the use of animals in folk medicine in Ghana, in particular the use of pangolins. The aim of this study was to determine the prevalent use of pangolins and the level of knowledge of pangolin use among traditional healers in Ghana for the treatment of human ailments. Data was gathered from 48 traditional healers using semi-structured interviews on the traditional medicinal use of pangolin body parts in the Kumasi metropolis of Ghana. The cultural importance index, relative frequency of citation, informant agreement ratio and use agreement values were calculated to ascertain the most culturally important pangolin body part as well as the level of knowledge dissemination among traditional healers with regards pangolin body parts. Our study revealed that 13 body parts of pangolins are used to treat various medicinal ailments. Pangolin scales and bones were the most prevalent prescribed body parts and indicated the highest cultural significance among traditional healing practices primarily for the treatment of spiritual protection, rheumatism, financial rituals and convulsions. Despite being classified under Schedule 1 of Ghana's Wildlife Conservation Act of 1971 (LI 685), that prohibits anyone from hunting or being in possession of a pangolin, our results indicated that the use of pangolins for traditional medicinal purposes is widespread among traditional healers in Ghana. A study on the population status and ecology of the three species of African pangolins occurring in Ghana is urgently required in order to determine the impact this harvest for traditional medical purposes has on their respective populations as current levels appear to be unmonitored and unsustainable.
Introduction
It is currently estimated that 80% of Africa 0 s population uses traditional medicine (TM)
[1] either on its own or collectively with Western medicine [2] . TM plays a very important complementary role in healthcare delivery systems in Ghana as between 70-80% of Ghanaians depend on TM for their primary health care needs [2] [3] [4] and therefore it has a high level of cultural acceptability and use. Historically, TM was the only known default form of healthcare until the introduction of modern medicine by the British medical officers during the colonisation of the country [5] . Although the majority of Ghanaians have embraced modern scientific medicine, indigenous health beliefs are commonly sought within urban and rural communities in this country [6] and is recognized by the government as a component of the healthcare delivery system where the Traditional Medicine Practice Act (Act 575 of 2000) provides the legal framework for the practice of TM in Ghana. Compared to other countries in sub-Sahara Africa, Ghana's TM system is relatively well established because it has been incorporated into the national health programmes and policies [7] . The use of whole, parts or products of animal species for the treatment of a wide range of human ailments in Ghana has been recorded [2, 8, 9] but only Ntiamoa-Baidu [8] mentioned the use of scales of one of the tree pangolin species for the treatment of coughing in Ghana. The use of pangolins in traditional medicinal practices is of particular interest as it is well documented as being used within traditional medicinal systems in Asia [10] [11] [12] [13] and as a source of traditional medicine in those parts of Africa where they occur [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . However, the parts of the animal used and the ailments for which they are prescribed are unrecorded. In addition, it is unknown at what level these animals are regarded as an important source of cultural significance within traditional medical practices in Ghana.
There are three species of pangolin found in Ghana; black-bellied pangolin (Phataginus tetradactyla), white-bellied pangolin (Phataginus tricuspis) and the giant ground pangolin (Smutsia gigantea) [24] . As yet, no studies have been conducted investigating offtake or harvest levels, the prevalence of use and level of knowledge of pangolins for medicinal purposes among traditional healers in Ghana. Such information is essential in devising strategies for the conservation of pangolins. Therefore, the aim of this study was to determine the prevalent use of whole animals or body parts and the level of knowledge of pangolins as a medicinal resource among traditional healers in Ghana.
Materials and Methods

Study area
The study was conducted in the Kumasi Metropolitan area in the Ashanti Region of Ghana. The Kumasi Metropolitan area is approximate 254 km 2 and is located between latitudes 6°35"
and 6°4"N and longitudes 1°30" and 1°35" E [25] . It shares boundaries with the Kwabre District to the north, Atwima Kwanwoma and Atwima Nwabiagya District to the west, EjisuJuaben Municipal to the east and Bosomtwe District to the south. The metropolis has a human population of 2,035,064 constituting 43% of the total human population of 4,780,380 in the Ashanti region [26] . Kumasi is a cosmopolitan city and home to most major ethnic groups from West Africa. The health services in the municipality are relatively abundant and include the Komfo Anokye Teaching Hospital (KATH), which is one of the two national autonomous hospitals, four quasi health institutions, five health care centres owned by the Church of Christ and the Seventh-Day Adventist Church, over 200 known private health institutions and 13 industrial clinics [27] . By investigating the use of wild animal based remedies in an urban setting, this study attempts to determine the cultural ties between pangolin use as a source of traditional medicine within a metropolitan area that is relatively well equipped with adequate modern healthcare facilities compared to the more rural areas of Ghana.
Ethics Statement
This study was approved by the ethics committee of the Tshwane University of Technology (REC Ref #: REC2013/05/008) and written informed consent was obtained from all participants interviewed.
Data collection
Ethnozoological data on medicinal use of pangolins was collected between September 2013 and January 2014 using semi-structured interviews. The sampling process was purposeful with participants intentionally selected because they could provide the relevant information pertinent to this study [28] . Of the 62 traditional healers identified to have used or currently using whole or parts of pangolins in their remedies, 48 agreed to participate in this study. Participants were made aware of their rights to decide to either voluntary participate or to decline. The interview questions focused on the interviewees' knowledge of the uses of pangolin parts or whole pangolins for medicinal purposes to cure or alleviate a particular medical ailment or a set of ailments. Verbal prompts and probes were used to motivate informants and elicit information from them and the pace as well as direction of the interviews was dictated by the participants. The key questions that were asked to traditional healers (THs) were: (i) do you know the animal called pangolin (participants were shown photographs of African pangolin species) and (ii) do you know whether it is prescribed as a source of medicine? In the semi-structured interviews, the THs (interviewees) were requested to name the parts of pangolins used as medicine, the ailments for which that body part was prescribed and how the animals were obtained. THs were also questioned on how this knowledge was acquired. The interviews were conducted in Twi language which is the most widely spoken language by the Ashanti's in the metropolis and has also been adopted by many others as a lingua franca. MKB conducted the interviews with all the participants where both he all the participants interviewed are fluent in the Twi language.
Data analysis
Four quantitative value indices were calculated to establish the frequency of use of pangolins or their body parts in TM, as well as the consensus of use body parts among THs: cultural importance index (CI), relative frequency of citation (RFC), informant agreement ratio (IAR), and use agreement value (UAV).
Cultural Importance Index (CI)
Cultural importance index (CI), developed by Tardio and Pardo-de Santayana [29] , takes into account the uniformity of the body part used between THs as well as a body part's diversity of uses to treat ailments among THs.
URui N where u is the category of use (e.g.: spiritual ailments, rheumatism, infertility), NC is the total number of different categories of use (of each 'i' body part), UR is the total number of usereports for each body part (corresponding in the present study to 'citations', as defined above) and N is the total number of informants.
Relative Frequency of Citation (RFC)
This index calculates the frequency of use amongst all the TMPs and is obtained by dividing the number of informants who mention the use of the body part (also known as frequency of citation: FC), by the number of informants participating in the survey (N) [29] . Theoretically, the RFC varies from 0 (when no respondents refer to the body part as useful) to 1 (if all the TMPs made use of a particular body part) [29] . The RFC was calculated using the following formula:
where FC is frequency of citation and N is total number of participants.
Informant Agreement Ratio (IAR)
The Informant Agreement Ratio (IAR) was used to measure the consensus level for treating a particular ailment making use of a particular pangolin body part amongst THs. The original formula proposed by Trotter and Logan [30] was interpreted as follows:
where nr is the total number of use reports registered for a body part and na is the number of ailments that are treated with this body part. The IAR value varies between 0 and 1whereby a value of 1 represents the highest level of agreement of a medicinal part.
Use Agreement Value (UAV)
According to Thomas et al. [31] this index provides a valid and easily derived estimation of the animal's medicinal cultural significance as a resource. Following the suggestions of Thomas et al. [31] , but using UV instead of Quality Use Value (QUV), the use agreement value (UAV) was defined as follows:
where CI is the cultural importance index of body part and IAR is the informant agreement ratio of that body part.
Results
The majority of participants were between the ages of 51-60 and have practised for more than 20 years (Table 1) . Regarding gender, the majority were males while Muslims dominated with respect to religion and had a Quranic education. The level of education of the majority of participants was below primary level (Table 1) . A total of 13 pangolin body parts were identified as being used and prescribed for the treatment of 35 ailments (Table 2) . Spiritual ailments had the highest use reported (UR) followed (in descending order) by rheumatism, infertility, financial rituals and convulsions (Table 2) . Pangolin scales had the highest use report (19 of 35 ailments), followed by bones (14 ailments), the head (10) and meat (9), respectively ( Table 2 ). The heart and limbs had the lowest UR (1) .
With regards to the contribution of each of the 13 pangolin body parts to the total cultural importance index (CI), scales had the highest CI followed by the bones, head and meat (Table 3) . Spiritual ailments had the highest CI followed (in descending order) by rheumatism, infertility, financial rituals and convulsions. Scales and bones were equally important for the treatment of rheumatism. Scales were also important for spiritual protection and the treatment of convulsions. The head was important for the treatment of infertility while the meat was used for preparing charms for chiefs or tribal leaders. Similar results were obtained when comparing the level of agreement of use of pangolin body parts consistently prescribed by traditional healers for the treatment of particular ailments (i.e. Informant Agreement Ratio, IAR, Table 4 ). Scales had the highest IAR, followed by the head, bones and meat (Table 4) . Scales were predominantly used to treat rheumatism, followed by spiritual protection, convulsions and financial rituals. The head was mainly used to treat infertility while the meat was used in the preparation of charms for chiefs.
Appreciable differences were observed when comparing the various indices with one another (Table 5 ). With the exception of scales which ranked in first position for all four indices, the order varied for the other body parts depending on the index chosen. The CI, RFC and UAV indices place bones and the head in second and third positions, respectively. This was not the same for IAR, which ranked the head above the bones. The heart and limbs were the lowest in all indices.
Discussion
Cultural importance index (CI)
Pangolin scales are highly valued in African traditional medicine pharmacopoeia where they are widely used. Our study confirmed this in that we found knowledge about pangolin scales used for medicinal purposes to be more widespread than any other pangolin body part. Our findings agree with previous studies in Africa in that scales are the most versatile pangolin body part for the treatment of a variety of ailments [14, 19, 20, 23] . Indeed, the suite of ailments treated by pangolin scales in this study was similar to the ailments treated in other African countries [14, 18, 19, 20, 23] . Not only were scales prescribed for physical medical ailments but they were also prescribed to prevent or inhibit spiritual ailments as was found to be the case in previous studies [18, 19, 20, 23] . The relatively high CI index for pangolin bones also suggests that bones have an important role to play in traditional healing practices and previous studies have also indicated that they are prescribed for the treatment of rheumatism, stroke and pains in Nigeria [19, 20] and Sierra Leone [23] . Our study, however, found the versatility of pangolin bones for the treatment of more than one ailment to be greater in Ghana than was indicated for Nigeria [19, 20] and Table 2 . Use Report (UR) by traditional healers for particular pangolin body parts for the treatment of specific ailments.
Body parts
Total Sierra Leone [23] . Pangolin heads have previously been recorded being used to treat fever in Benin Republic in West Africa [18] and for treating spiritual ailments in Nigeria [19, 20] . We also found the head to be very important in the treatment of infertility, headache and heart diseases which has also been found to be the case in Sierra Leone [23] . Bräutigam et al. [14] found pangolin meat to be less valued for medicinal purposes compared to other body parts, however our study indicates that among the 13 pangolin body parts used by traditional healers, the meat was the fourth most culturally important after scales, the head and bones. However, knowledge about the therapeutic abilities of the meat was less widespread and was mostly limited to the preparation of charms for chiefs. The eyes were primarily prescribed for spiritual protection but were also used to treat kleptomania as was found in Nigeria [19, 20] and Apollo (acute haemorrhagic conjunctivitis) in Sierra Leone [23] . The pangolin heart had a very low index value and was occasionally used to prevent miscarriage in Ghana although Akpona et al. [18] documented the use of pangolin heart and leg to treat tachycardia, and promote normal growth and vigour in babies in Benin Republic. The low use value and medicinal application of the bile, leg, heart, waist, claws and toes are indications that these pangolin body parts are culturally less important to the traditional healers of Ghana than other body parts.
Informant Agreement Ratio (IAR)
The high IAR for scales and bones is an indication that these items are important components of local cultural knowledge within the traditional healer community [32] and an indication that a particular pangolin part is preferred in the community for treatment of specific ailments [33] [34] [35] . On the contrary, the low IAR for the whole animal, bile, leg, waist, heart and toes may be an indication that these body parts have either fallen into disuse because of cultural adaptation or are believed to be ineffective for treating conditions or ailments or may simply be of a low cultural importance in traditional medicine. Culturally bound syndromes are usually bound to yield high consensus values due to their folk nature [36] with traditional healers often preferring a particular body part for the treatment of a particular ailment because belief systems do not usually permit the prescription of a substitute resource as a form of medical treatment. We found culturally bound syndromes such as spiritual ailments, financial rituals, protection from witchcraft, preparation of charms for chiefs as well as courting ladies scoring high IAR for particular body parts used. For instance, there may not be any other substitute part for the pangolin meat which was the only body part used in the preparation of charms for chiefs. One disease that was surprisingly not mentioned but that is widespread in the study area and impacts upon a large number of local communities is malaria. The selection and use of a resource for traditional medicinal purposes are usually based on culturally perceived effectiveness [36] that is generally handed down from generation to generation. The perceived ineffectiveness of pangolin body parts for the treatment of malaria may have accounted for its noticeable absence in the list of diseases mentioned by traditional healers.
Comparing different indices
With the exception of scales, which occupied the top ranking for all indices, the other body parts varied in their ranking in the different indices. The distribution of knowledge about traditional remedies follows a pattern whereby few remedies are known to almost everyone while most knowledge is idiosyncratic [31] and this idiosyncrasy may account for the variation in indices for body parts, particularly for the IAR.
Training to become a traditional medical practitioner within Ghana is either via family tradition or an informal apprenticeship [3, 5] . Trainees undergo a period of training during which he/she learns the curative potential of plants, animals and minerals through the observation of their "master healer" [5, 37] . Those traditional healers that partook in this study were all trained via a family tradition and obtained their knowledge verbally from either a mother, father, uncle or grandparent and therefore this knowledge is likely to be idiosyncratic in nature and, in turn, would influence the results and the consensus on use of a particular pangolin body part.
Thomas et al. [31] established that the combination of the number of use reports and the level of consensus between participants seems to provide a valid and easily derived estimate of cultural significance and it can therefore be deduced that the culturally important pangolin body parts found in this study, such as scales, bones and head, are those with high use agreement values. It is therefore proposed that pangolins have been utilised for some time as a constant and frequent source of traditional medicine and it plays a large culturally important role in Ghanaian traditional pharmacopoeia.
Conservation Implications
All three species of African pangolin that occur within Ghana; the white-bellied pangolin (Phataginus tricuspis), black-bellied pangolin (Phataginus tetradactyla) and the giant ground pangolin (Smutsia gigantea) have been up-listed to Vulnerable on the recently revised IUCN Red List [38] . In addition, the Wildlife Conservation Act 1971 (LI 685) classifies them as Schedule 1 and this prohibits their hunting or possession. Despite their conservation and protection status, pangolins are still being hunted for their purported medicinal values and the law regarding the protection of the species is not enforced. Based on the CI, IAR and UAV indices, where pangolin body parts are used to treat ailments by traditional healers, this study has found that the use of pangolins in local community pharmacopoeia is quite common. However, if this use and harvest is unsustainable and off-take exceeds recruitment into the population, it can have drastic consequences on their natural population status [39] [40] [41] . With such apparent frequent use, it is of concern that the harvest of these endangered mammals is unsustainable, particularly when most of the trade in pangolins is informal. Furthermore, our results indicate that pangolins are used to treat folk illnesses which usually have no substitute or alternative remedies with healers relying on what they are culturally familiar with. This use of pangolins to treat folk illnesses, such as protection against witchcraft, spiritual protection and the courting of ladies, can be considered an additional threat to the level of harvesting of pangolins in Ghana as these illnesses are considered to be intrinsic to the Ghanaian cultural concepts of health and illness [5, 42] . The rate of harvest is further increased by the high CI of pangolin body parts for ailments that have been found to be medically or socially prevalent in Ghana. Rheumatism, which has a high CI, has been listed among the top 10 diseases seen at outpatient departments in hospitals and clinics across Ghana [43] , and convulsions are also common due to Ghana being a malaria hyper-endemic country [44, 45] . Again, infertility has a high CI index for pangolin body parts and is considered a social problem in the country and the belief in superstitions is most often 'cured' or remedied via traditional healers prescribing pangolin body parts [46] . The fact that most of the body parts used by traditional healers can only be obtained after killing the animal raises further concerns about the impact that harvesting pressure has on pangolins. Furthermore, there are no ex situ breeding facilities for African pangolins, thus all individuals that are used for medicinal purposes are being obtained from the wild [19, 20] . Even though the healing properties and effectiveness of pangolin body parts have not been scientifically tested, they remain of large cultural significance due to their purported healing properties and the harvest of these species will continue unabated. These cultural medical knowledge systems are often organised within local cultural communities [47] and the belief system of TMPs may not offer a substitute for a particular remedy thus making sole reliance on pangolin body parts inevitable. A tribe or community's cultural and traditional background and belief systems rather than pharmacological properties often plays a greater role in determining the effectiveness of traditional medicine [48] .
The impact that traditional medicine is having on the survival and conservation status of wild pangolin populations should be considered as an important population threat to these mammals just as other anthropogenic pressures may be [21, 49] . This form of harvest on wild pangolin populations should be carefully assessed and monitored as current turn-over rates in the utilisation of these species for traditional medicine is not known and very little data exists on current population levels and distribution of these three species in Ghana [50] . Furthermore, little information exists on the levels of trade and harvest of biodiversity from the wild that is used for traditional medicine in Ghana [51] . It is therefore important that we increase our understanding of the biology, ecology and population status of species commonly used as traditional remedies to better assess the impact of harvesting on wild populations [52] . As such, conservation strategies for pangolins in Ghana would first need to focus on understanding the current population status, biology and ecology of the species in order to effectively assess the effect of this harvest on wild populations. In the meantime, conservation efforts should be aimed at educating traditional healers on the implications of unsustainable harvest of wild pangolins and the potential threat that the loss of these species may have on local community cultural belief systems if they are no longer available.
Conclusion
The cultural belief system is most likely to be the driving force for the maintenance and continued use of pangolins in urban environments for medicinal purposes. Popular knowledge about the curative properties of pangolin body parts is an integral part of the local culture and demonstrates the necessity of carefully studying the use of pangolins for therapeutic practices to better understand the human cultural interaction. There is a need to undertake multidisciplinary studies to investigate the social, cultural, and economic aspects of pangolin use in traditional medicinal practices in Africa in order to develop sound conservation management strategies and action plans for these species.
